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Thia invention relates to a niEthod and apparatus tor 
henrtlng an e3.oage.ted space or a location containing an elongated 
huntor, Kore particularly, the invention relates to ai> electt-rJ.oai 
resistance ha* tar for heating fin o Lon<i«i tod. suhtorrancan fcoiohoLo 
At ratoa which are different at different depths at the borehoX*, 

;tt J.ft known to l>o borjoiiciai to tis* alongat<id haatars 
aueh well heaters, for beating interval* o£ enlyterronft-an earth 
f o.tmatl.oni;, pipo interiors, or other elongated spaces. In various 
ffitu<ition», it is desirable to beat suxh spaces at relatively hicjh 
10 tempera tuxes tor relatively ions tifte«. Beneficial results 
obtainod by suth heating may include pyroliziog oil sbala 
formations, coking oil to consolidate unconsolidated ro&orvoijr 
formations, coking oil to form electrically conductive carbonized 
sones capable of operating ae electrode* within a rcsjervotr 
formation, thermally displacing hydrocarbons derived fro» oils or 
tars into production locations, pro venting foraation of hydratou, 
prftu J.pitates, or the tike ict fluids which are being produued from 
wells and /or traiwUtted through pipes, or the iiKe. 

The invontion aiH.3 to provide a heating apparatus vhich 
20 is capable of generating heat at different rates at different 
dfipr.UB in a veil. 

In accordance with the invention there is provided \r\ a 
procesa in which subterranean earth formations within an interval 
rcoro than ICO foet long are heated to a temperature of more than 
b00°c, ao that heat is injected B-ubetantiaUy uniformly iAto that 
interval, ail improvement for constructing and installing a heater 
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having an electrical cable heating section which is free of 
Kp.licefJ, COHptiSiDS); contftrUi'tixLtf tfuid heating cablo flection by 
compressive ly swaging at least one portion q£ a junction-**** 
elecstric-al beating cabla to reduce itu aitti at said at luast otto 
portion, said cable is at leaat. ap long as the ftarth formation 
interval to he heated and comprise; an axially *illtfntd f inalleablo, 
electrically conductive core curroundecl by granular mineral 
innttlntion within a metal ohoath, oo that avatfad portion generates 
heat at a rate higher than the unBvaged portion; correlating the 

10 location ol said svaain^ with the f>«it tern of heat conductivity in 
the earth formation, interval bo tlxat at Inapt one eompres&ively 
jroag^d portion of the cabla is located aloft!? tho cable in & 
position Buch that, when the cable iR extended along, the *avth 
formation interval to be h^atort, the compr**ftivol y *wago4 portion 
is adjacent to a portion of the earth foraatian interval in which 
Che heat fionduatlvity is rel&ttvoly highp connecting oa.id 
Soloctively swaged heating cable section to at least one power 
supply cftble and spooling the interconnected cables? and 
unf;pooling the interconnected cables into a veil bore along with a 

2D weight ".supporting metal conduit while periodically attaching the 
cable* to the conduit and extending the cehlee and conduit to a 
depth at which the conpreauively swaged portions tif the cable are 
positioned adjacent to tho earth formations having a relatively 
high thermal conductivity. 

1'he inventJ.cn will now be explained in mors detail wJth 
reference to the accompanying drawings, in vrhichi 
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Fignra 1 is a throe- dim an oiorieil i lluatxatioit an 
electrically conductive csMiie outf.lniixg svatJei * n<s A 
portions suitable for use in the preuent invention. 

Zlgur* 2 aoheiomticiftUY lUuistraxes trie *nirta.Uing of 
uloctrical xeaictance heater within the well In iCcJOrdatieo tfith 
the present Invention. 



2a 

P. 
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Figirre 3 shewn a splloo between a cnetal-ahaatHOCi iitt;uJ.a(r>?a 
supply frable and a retal-ateatbed insulated cablil suitable aa 
a heating element of t>ie preaant invention- 

Fl<jures 4 ana 5> illustrate splicoc for eler-trionlly intex- 
5 connecting the conductive cores of a pair of u'etaL-shfiarthed minarcil- 
insulated heating cablea suitable us being cable* w the preesnt 
invention.. 

figure 6 chews an olcctrjcal power supply circuit suitable £or 
use in the present ir/vantim. 
Ijf) -fo* preeent invention is at least in part premised CO a 

discovery that the propenrtios of an electrical conductor (cudn as a 
ratal-sheathed solid rateri-al-insulatcd electrically curductive 
cable containing a single copper coro) are sa^h that results of an 
application of compressive swaging to tha outside of the rcetal 
15 sheath are transmitted through the insulation to tho core of I'.he 
cable in a manner such th&t OftCfrl of these components are 
substantially sunultosJeously reduced in crnBs^seotiunal Area by the 
sara> relative amount*. The reductions in the cable care croas- 
Hectiarwl area can be controlled to cause the swaged portion of the 
20 coble to generate a significantly higher errcuflt ode heat per unit 
time thai; tbafc Which would have been gor.crate3 without the swaging, 
even at a substantially lov*er tesrperatiarei. 

In a prof erred entoodtoeut of tbR invention, such a awagi™? ifl 
dona by a process oE rotary swaging, amounting to ccwprcssir.g the 
25 cablo with many blows applied by rotating dies. Itotatlng swaging 
dEf/ioaB and technique aro known and COToercially available. Bueh 
nachinau coononly contain two die? which reciprocate rapidly as a 
spindle in vhich th&y aru nxxirrtjod ic rotated. * compressive rotary 
swaging operation involves a hanmsxing action which has fchn sarce 
30 bsiiiaSiclal material on metal ae forging. It produces a cesiraoXe 
grain structure resulting in an increased tensile strength awJ 
elasticity. The colxl (in tempera cure * swaging tendB to work harden 
noflt metallic materials- If aeairefl, such a hardening t»n to iCfcde 
more flexible by annealing. 
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in a rotary swacfiro; operation, the extent to which the ewageS 
mterAal 5 a reduced in c^e-sectixnal area can te controlled very 
accurately. For essawplo, sinao a cnetal-ehaatbed solid material- 
insulated osppsr^ored cilcctricaJ.ly-conduL'tivc oab.le heh*vea as a 
5 solid if-BLtcrlal during a rotary fa-waging operation, such a cabte 
havitxj a dismoter ot from abrut 0.68 to 1.25 cm can be awiged to a 
reduced diatfotor with accuracy of about plua or minua 0.0025 cm. 

I'igure 1 illustrates swaged and unswaged portions of a'cabte 
preferred £or use in the present invention. In tlie cable slwwn, a 

10 Btainloss steel sheath 2 surrounds a nur.eral insulation 3 

consisting of highly oonsxrassed grain? of jrsgneaitim oxide and a 
Holid conductive core 4 of substantially pare ccpp&r is 
'concerrtrlo&Uy surrounded by the Insulatiou arx3 aheath. Io a cable 
of the type abown, where the inner and cutor djajrcterra of the 

1$ pfteath 2 *ir<a 7,25 and S urn and thu diaitotor of tte cor* A ia 3 nm, 
iu the uiiBKraged portion, the csbte may ^lsrata a tcan^perature at 
about 600 fl C r /hen oonducttittj 180 cirpentBS of alterfcati.rj<f current-. 
However, in a swaged portion of. tJvs cable having a difflroater reduced 
by 12%, a beoperafcure of about 650 *C is ger^rated when the cable 

20 iB conduetirjg the saroa c**rrent in tho saine environment* 

In a oroferred eabodurent, the pres&ftt invention can be 
utilised for providing a formation-tailored method and ai?parati3£ 
for uniformly heating long Intervale of subterranean earth 
Ibrmationa at high tfiir^ature. ?£cnrdrnq to this netted 

25 si^terranean mtervais are- heated with an electric heatnr 

containing at .lea at arm epoolable steei~she*thei mineral- insulated 
cable- -having a s*alid cantral rare of high electrical conductivity. 
$uch a coblo can be arranyei to heat tha earth fiorwa Dions ao that 
haat la transattted into the f donations at a substantially unifoms 

3f> rata, even vihen the heating involves mare than abcirtr. 330 watts par 
petre at tesr^atures between about 600 *nd 100D *C. Tfce uniformity 
of tlie bent transraib'sioji is ensured by providing the heater wf.th a 
pattern of electrical resistances with depth within th« well 
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correlated with the pattern nf heat conductivity vrit'.h depth within 
the aiwrvcunding earth formations* 

Figure 2 show o preferred eubodiitent of a wall heater of the 
present ijwerction being installed within a wall. Aff itfiovn, a Fail- 
le of selectively sway«*S heater osbXea vith swnoaa and msv/acped 

portions o* tbe type tficwn in Figure 1 are beirxr unfilled *.nl» a 
*oll from spooling meana 5 and 6 while a support irentoar 7, such as 
a wire lino or spcolable metal conduit, is corov-rently unapoolod 
into the xell from a spooling ireans (not shewn) . The .lower end of 
ID the support jieans 7 is attar-had to a motor iroejis 8* a* a 

sinker bar for a vertical well or a pucnpablQ or other icocor ireans 
for a substantially horizontal wVU The lower ends oX the heating 
cable, eva^a {portions lb, are uechanically attached to a cable 
junction or end^onmictnr 9 in vMch the conductive, doteb oxo 
15 electrically intercoxine^ted (as shown in more detail in Figure 4>. 
•Iba junction 9 is als^ Tnediacnically connected to the support, nember 
7, for esmjplo by a strapping means 12. The lewar oaids of the cable 
porticos, vjhlch are swaged for increased heating, arc olcctrically 
intercocineotad in the er/l collector 9 and positioned to oxtencl 
?0 through the zone selected for necoiviivj the increased testing. 

tt>2 rmswaged portions la of the heatlr^ cables, deaigned for 
minimal heating along th& sono to be heated, are positioned to 
extend above the swaqed portions lb for a distance sufficient to 
reach a zono which is cool enough for on intcrconr^c'tnon of tiie 
• heating cable portions U with power suyiply cables 10 by means at' 

I joints ar splioes 11 for electrically arxi machanieally inter- 

\ ' connecting the powar supplying ar4 heating cabins, lb© power supply 

cables 10 ore arranged Uor carrying a selected amount of current 
while generating Only a laixilffftl anount of heat % The details of 
30 suitable mechanical and electrical cable connecting joints for ueo 
with iTBtal^sheathed mitral-insulated power supplying cables are 
; illuutratftd in irigure 3, 

As the beating and power supply oablos 1 and 10 are run into 
; thca wail , alorjej with tJie weight-supporting strand 7 , the cables are 
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parioditxiUy attached to the strand 7 by Tieane of clunks or 
strapping means 1.2, Such clarupe iixci arranged to creating s 
fraction between the cables and strand which iB sufficient to 
supper b the weight of Ov? lengths of ths cables wtxv^ are lifted 
5 between the cLar^s. 

Figure 3 i-llua twites details of preferred arrangwentn of 
splices 11. fts shewn, ths power supply cablu 10 haa a metei sheath 
14, 6(0011 as a ceppar ©heath, &urroundi\iqr an insulatad olecto.caUy 
cocxSuctivB osro 13 having a octfbitvitlon of crosB-aeztLonal area and 
10 electrical rcsi star.ee per unit of length aj3aptiT*T it to carry the 
current to be used an the heating operation whil* generating only 
an insignificant amount of heat. A» shewn, the power cable aboath 
14 ae veil as a fewer cable core 13 arc larger Chan tha sheath 2 
and core 4 of the unswagtx* port.to of heating cable- la. the 
15 ctfntfactivc coreg of the cable are electrically interaxmcctea, 
preferably by vre]ding* In general, the pewer cable can o^ri&e 
substantially any type of electrically conductive cable which is 
adeqriujtely heat stable at the tarperature generated by the minirmiro 
heating part ion o£ a beating cable such as Mi. Wtere the T^axanum 
20 selected hasting terrpeoraturo is sufficiently lew and/or tire 
distance bel^een tha cower supply and zene to bs boated is 
adexjuabely short/ the power supply cable can nonprisa a irotal- 
sheathed irnr^rAl-in^latod sDli<V<ared cable which is salflctively 
frvsaged to provicte tl*o elected heating tenperatjure b-j that no 
25 splices soch aa Bplicsa 11 aro naoded. 

As shown in Figure 3, a relativoly short sleeve 15, auuh as 'a 
steel sleeve, is fitted around and weldod or braced, or otherwiso 
jreshatnically attached, to the aheath 14 of the rower cahla 10. Tbo 
sleevs 15 is preferably selected to have- an inner cUameter forming 
50 an annular spaco b&twoen it and aheath 2 large enough to 

ttocjccnrcxjate a bhorter steel sleeve 16 fitted around the sheath of 
fcl;e cable la. In a proi^rcd as^eufcling prrxaadure, before insert:^ 
the short sleeve 16, substantially all of the annular t$?.cfc between 
the cable core Tr«Tfcer& 4 and 13 and sleeve 15 U filled with a 
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paNtiererl mineral insulating material such as jwgneaium oxide. The 
iri5ul.Rtj.ng material is preferably deposited v/ithlri both hhe annular 
ypf,ce between the cable cones and the sleeve 15 dts r xeU as the 
space between the eleeve 15 and the sheath 2 of the cable la r and 
f t vibrated to <x*rpact the mass of particles, 3 leave- 16 can tiien be 
driven Into Che speoa between the sleeve 15 and aheatb 2 so that, 
the cross of miJiera.1 ineulnting articles is compacted by the 
driving force. Slocves 15 and Ifi and abeath 2 are then welded or 
braced together. 

10 Figure A illustrates details of on end connector or splice 9. 

As shewn, cables lb are Cfittanded thrraigh bole* ia a steel block 9 
so that short sections lc extend into a. cylindrical opening in the 
central portion of tl» block. T]ie electrically conductive oore-s of 
the cables are tvelded together at weld 17 anS the cab.Le shoaths are 

1? 'xfctdedl to block 9 at welda 18- P.rufcrably, the central conductors 
□f the cables are surrcvtnded by a heat etfblc olectrical inflation 
such as a mtiss of enrapactsed powdered mineral particles and/or by 
disc? of; ceramic materials (not shown) , after which the oantrai 
opening is sealed, far example r by welding-on pierea of a teal (not 

20 sbxTwnK where the heater is supported, as stown in Pigure Z, by 
attaching it to an elongated cylindrical structural member 7, a 
groove 19 is preferably f nrmad along sui exterior portion ctf end 
epiioo 9 to mate with the structural meaufcar and i?acilitata the 
attaching of the end piece to that member, for example/ by a 

2^ strapping menus 12* 

Tigure 5 shows a preferred type of end connector which 
cl ungates the need for cutting and welding a heater oabla to form 
a pair r>£ heater cables, such as cables 16. 'rbe heater eabte is 
singly bent into a U-turn and tftechanloaiLy champed to block 20 by a 

30 tool ted-on clamping plate 21. Tho blcck 20 is preferably provided 
with groove 27. to facilitate tfto clamping of it to a cylindrionl 
structural jnavfoer such aa the cylindrical member 7 shown in 
Figure 2. 
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in general, Che power supplying e]jemenfcB can ccrnpriee 
substantially any Nt or DC syfetden capable of causing a haatar of 
tna present type m beat at ths selected rels Lively high rato. such 
a beating rato cm be about 33n wAtc par metre or juore, 
5 Figure 6 is a diagram of a preferred fcrrangeoent of 

alternating current electrical, puwer supplying clecrentB suitable 
ftrr the present type of heater, 'jrhia arrange/rent Includes two 
Inverse, parallel, ei2icon-c<antr oiled rectifiers (SCB&) in tbs 
circuits of: both elements of a two-fclenieiit heater. In such a 
tiO baiftacad systecn the beater lugs should be of equal resistance so 
that tha cttbte coce jnnctiun f paint A, Cwlttvin end oanneccor 9) osn 
remain at zoro voltage or virtual ground potential* lne sheaths of 
the heater cablo& are connected to the grounded centre cap of the 
transfiariusx srjccndary- Since paint A repreosntB tbd welded 

13 connection within the end piece 9/ the potential different between 
tha connection and the housing will ixi zero tor all practical 
purposes, flisse points could be in electrical contact without any 
conduction of current* At points advancing upward alcn^ the lege of 
fche heater, the potential difference bstwGftn tho shoaths and the 
20 central condEuctor can increase and finally reach craxicrums such &b 
plus or minut 240 V. 

Xn various situations in vnich an elongated cpooe i a to be 
heated, tlie in situ thermal oaaductlcn tre?y vary significantly 
within various layers or locations aloug that siaace. A mora host 

25 oondi^cfcave layer will carry off tha boat generated by a heater 

faster than a lees conductive layer. As a result, the temperature 
ifeintJSined by an electrical reaistanca lioater carrying a given 
arnctmt of current will be 3jgwerr ccpasite u cuore. conductive layei , 
In situations in which it is desared to nk-iiutain a tlAt or uniform 

30 h Bating rate alaJtg the space beir.g heated, it ia dasirablo to 

reduce tbe heater core cross-sac fcional area in career to generate 
heat at the aame rate as thiit in Other portions of the heater whJch 
are hotter. 
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An electrical resistanto heater can be cau-eod to fjencrate 
selected h?attr/-f rates at difierait locations alceig the heater )xy 
installing hoater sectiona containing conductora of varying cros*- 
actions, 'ttie bju*L1^ core or oaiiductar creflfr-secUcna exhibit Tvore 
5 resistance to thu electrical current flew and thua generate teat at 
a rate higher than vrculd be gerjcraeerl by a thtchar core at the eeora 
ten^arature. Bbr exaxtple-r it can heat at a selected rate at lx*>cr 
tetfpsr&ture existing along a relatively more hent caxSuct^ve layer 
ca: cotic: withiw the space- i*utvg heated, 

\0 Tbs present invention provider, a nethcri of causing a hoater 

havir,g an electrically conductive core which ia cmtinuous and 
unitary to generate constant and/or selected amounts of heat alcn? 
one cm: a multiplicity of different portion* of the heater without 
requiring a altitude of heating cabl* uplices. particolarly where 

15 the heating is to ba aDntfocted at- relatively hi<jh tenpcraLmrreH far 
long tiTres, welding problems and opportunities iSor leakage are 
inherent \r\ any cutting and splicing of electrical ha&Un? cables 

In respect to an electrical resistance heater comprising a 
pair of electrically nitnrconnarbed matftl-sheathed solid mvtcrial- 

20 insulated cables each containing a malleable cnetal. electrically- 

conductive oors, foisr sets of rntary switching dies can ba arranged 
for pxo</i01ny ^sorcentages of ^iairertrical roductions of 6, 12, 18 
and 24 in tho initial overall diameter of oach cable and its 
cendurrtive ixxrc, reducing ore portion o±* the cable diameter by 
6% and another by 12%, the overall redaction is 9%. such 
porocedaresr the overall croas-secticoal reductions for ix>tb legs of 
the h^ter can be provided in eight steps of roughly 106 each, (?or 
c&caKple, see fthe fallowing table: 
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DIAMETRICAL REDUC'X^XE? CROSS^^TCHM. REDLCHCtf 



(I) w 

LSG \ LEG 2 «»U S-TOS 



0 6 11-6 

6 6 aa-* 

fi 12 

12 12 

12 1.8 SS > 2 

18 16 55,5 

1,8 24 75.0 

24 24 84.3 



m such a procedure,, if the dcOTe^acribai preferred power 
supply is to be used, it is mcassary that each leg of ttua heater 
after reductions iu its core diacietoar h&vc an overall resistance 
equalling that of the other leg after reductions in its csctb 
5 diameter. This is necessary to Ensure tho zero voltage potential of 
tha interconnected coivSuctora in the end piGce. TVw, it is 
lieceaear y tp divide tbe overall extents of electrical core 
rfcSuctLQoa evenly ovar both langtlre of the haater. 

Substantially any ootiprGSslve swaging procedure whicb is or is 
10 substantially cc^ivslent to rotary waging c©u suitably be used in 
practisirug the preset invention, &&ir^>les of swaging rachinas 
and/or techniques which can. cuitably bo used are inclu«ive of diu 
closing swaging machine?/ sucn as those jpatuif acfiured by 1ba 
Torrinjyton Cu:npany, ox Abbey Aetna Itechine Oarpany or Verm 
t5 ^rrofacturing, etc. 

fewer supply cables capable of trrosrdttijig the amount of 
current selected to be uFOd whiio gensxatiug only a relatively 
insignificant amount of haat and having sufficient thermal 
stability fox electrical and Kjoctainical ati^c*Kment to thu motaL 
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shea lilted cable seltJCted for generating a [ftinifrujo aacunt of heat can 
suitably be used in this lnvent-ton, Bonplae of such cables inclutte 
those avaitehte as Dioc/Pyrtyfcenac I4T rabies. 

In gooeralr in a situation In which an electrical condor: tor 
5 need not bo insula be£, the preasnt Invention can be tu-actised with 
subBtantially any elftr-trical ccoLhictor which ia continuous aod 
unitary (i.e. is a cemtwoua body froo of iatercennected ' esgicaiits 
ox strands \ and has a core nr conductor thickness (i.e. a cross- 
sectional area of the electrically conductive irfiterial) which is 

10 diff(?rertt in different locations along the length of the eleutric&l 
uanductor, Preferred eloctrioal conductors craqprise siivjte 
conductive cores of malleable metals or alleys surrounded by a beat 
*tahla eclia jusulated raterial wiUiin a beat atabla xratal slteath 
such as refractory pcw3er or solid fibre insulating maturials 

\5 wifehiu copper or stcol sheathe. A copper core surrounded by 

powered inagnsaium cxido within a copper sheath for use at moderatu 
temperature*, or a stainless steel shBath tor use at high 
tcjrpei'st'ureB, is particularly preEerredy 

in general, the oreeent invention can to utilizocl to initiabe 

20 and /taiataJn a substantially uniform rate oi lieating along a space 
containing at least one portion having a relatively lew rate of 
Jieat conductivity and/or to establish and maintain a relatively 
high rate of ha&ting along Belected purbiens along a space 
. throughout which the rate of heat conductivity ts nearly uniform- 

?5 iV>e variations in haart ccorKtuctJVity with distance &loog an 

elongated path can be deharmine<5 by meanH of nuraeroue taMi wid 
available de7loaa arxi techniques. 

Hi a particularly pnafurnod procedure for utilizing the 
peasant invention tor heating along a path along which the fc**it 

30 conductivity is nonuniform, a selection is made of the rate of 
heating bo be p revised when an electrical conductor having the 
ccn^oeititm to ba used i? conducting the artcunrt of cumeot to ba 
used within □ homogonscus medium lwcving th& lowers t heat 
cvznd activity to ba exioountCKCd aScng the path to be heated. The 
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naxiuujn thickness for the electrical ocztioztex to be used i& then 
the tbxcScneaa which providsa that rata of h^ativ-g in th&t 
situation., 'the thickness of portions of the conductor to b» 
positioned along portions of the path which have higher heat 
r, conductivities are then titf nner to an extent substantially 
compensating for the nor© rapid corriucting^way of tt* heat by 
those higher haat oaroaantivities. 

fclteristittsly, where it ifl desirable to generate heat at 
relatively rapid rates along portions or a path to be beatad (for 

10 ocairple, along top and bottom portions of a mibterrajiefin oarth 
focnmr4nTi> such un arraiigeremt can be rata, a.Ytfx*igh thB heat 
conductivity srery b* substantially uniform all along the path to 1x3 • 
heated, ttvs conductor thickness; aid resistance to be uBsd along 
most of Ute cable conductor arc select^ to provide the selected 

15 rate of heating along a hcrogeneous material hawing the. luiat 

conductivity cannon to aoat of tho intarval to be hearted. Tten, r.te 
trore rapid heatir-g rate along RED^Hed portion? of the path can be 
obtained by thinning the portion* of the conductor to be extanfiad 
along those portion* oil ths path. 



http://patentsl.ic.gc.ca/fcgi-bin/any2html 



THE ^HtiOPiOlttnTR OF THE INVENTION IN WHICH 7tN EJICLUSIVS 
PROPERTY OR PRIVILEGE IS CI AIMED ME DEFINED AS JJOLX.OWS: 

].. In a process in which subterranean earth formations 

within an interval roore tUau K>0 fleet long are hoeaod. to a 
temperature ot more tlldh 600°C. r ao that heat is injected 
euhatantially uniformly into that iutetval, an improvement far 
constructing and installing a heater having an electrical cable 
heating section which ift free ot BPlicofi, comprising* constructing 
said hft&tJ.nq cable Section by compresa ively swaging at least one 
portioti ot a juaotion-tre e electcical heating c&blo to rc4uca ita 
size At 8«id At least one portion, said cable is at least &b long 
aa the earth formation interval Co het lieat^d and Comprises &r» 
aKialXy a\l?n«d r mfclleaDle, electrically conductive col-a 
surroundod by granular xUnexal insulation within a net&i sheath, 
bo that swaged portion generates heat at a rato higher than the 
oti&Haged portion; correlating the looation of 3ftid Etwaging with 
the pattern of heat conductivity in tha aarth forixation interval 
BO that at loaat one compresaively swaged portion of the cable iff 
lncatea alone/ the cable in a posfinion Ptuch that, wh^n the cable io 
«xtendeJ along the earth formation interval to he heated, the 
coiitpraHsj vely sxaged portion iB adjacent to a portion of ttte earth 
formation interval in which the heat conductivity iB relatively 
hlffh} connecting aaid selectively staged heating cable section to 
at least one power supply cahla *ind spooling the interconnected 
cables? and unapocliny the interconnected cables into a wellborn 
along with a weight- supporting metal conduit vhilo periodically 
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attaching tUe cable b to tl\e conduit, a.ud extending the cables and 
coctduit to a do$th at vtiitih the coififr tensivoiy avased portions uif 
the cabLft are poRUionftd adjacent no th« eartb tormvAone having a. 
rfjlattivoly high thormat conductivity. 

SMART & B1GGAR 
FATBHT AGflKTB 
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A_D 3 TRACT 

IfflWrtflG RATS VARIANT 
EOjCKGATED ELECTFTCAIj REvSIJffANCB IIEATER 

An electrical jcsifttarjce bea&sr capable a£ gonorabiag teat at 
different rates at different lo^itioms ailcn? ita length crarprises a 
continuous 2>rx3 unitary etectuical conductor barsriuj a thickness . 
vHiicdi is different at different locations alcug its length. 



CTRB04 



